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Future Directions
❖ Exploit CRISPR/Cas9 for genetic advancement
➢ Different target genes can be modified for prospective applications.
❖ Improve resistance frequency
➢ Revise experimental protocols and adjust components of growth 
media to maximize shooting percentage of explants. 
❖ Assess different vector and promoter constructions 
❖ Evaluate different genome editing systems
➢ Comparisons of CRISPR/Cas9, ZFNs, and TALENs gene-editing 
efficiencies are beneficial for developing the best approach.
Conclusion
❖ Efficient application of  CRISPR/Cas9 on pumpkins
➢ 74% editing efficiency establishes CRISPR/Cas9 as an effective 
technique to edit the genome system of pumpkins.
➢ Agrobacterium-mediated transformation is a practical method for 
regeneration of transgenic pumpkins.
❖ Mutations in PDS gene for albino phenotype
➢ With the disruption of chlorophyll synthesis caused by altered PDS 
gene, partial albinism was observed on pumpkin leaves. 
❖ Influence of  genotype on editing efficiency
➢ Editing efficiency varies among different plant species. Distinct 
genotypes in PDS gene of each species may be the contributing 
factors.
Project Summary
Objective: To determine the efficiency of  CRISPR/Cas9 
gene-editing technique and Agrobacterium-mediated 
transformation in regenerating transgenic pumpkins.
● Regenerate transgenic pumpkins with CRISPR/Cas9 and transformation
● Cultivate explants on selective, sterile plant tissue culture media
● Identify albino phenotype in transformed plants (T0)
● Perform genotyping to detect mutated PDS gene
● Collect fruits/seeds (T1) to analyze progeny for the trait of interest 
Introduction
❖ With the simplicity of a unique genome engineering mechanism, 
CRISPR/Cas9 gene-editing technique has amazed scholars with its 
effectiveness and efficiency in manipulating gene sequences.[1] As this 
advanced technique develops, its applications on different species arise as 
prominent subjects yet to be determined. 
❖ Due to the great economic value of pumpkins and the need for examining 
CRISPR/Cas9 gene-editing efficiency, Casperita pumpkin (Cucurbita pepo) is 
chosen as the subject to be investigated on. Through introducing 
CRISPR/Cas9 system —for modifying phytoene desaturase (PDS) gene— 
into pumpkin seeds with Agrobacterium-mediated transformation, we 
regenerate transgenic pumpkins and expect to observe albino leaves in the 
transformed plants. 
❖ By identifying mutated pumpkins and analyzing genotyping data, the 
efficiency in the application of transformation and CRISPR/Cas9 
gene-editing technique on pumpkins can be established. Utilizing the findings, 
we aim to make contribution in developing an effective, promising 
gene-editing practice for pumpkin and maximizing its benefits in agriculture.    
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Background
❖ The simplicity, accuracy, and efficiency of  CRISPR/Cas9 
gene-editing technique
➢ Cas9 protein and a single guide RNA (sgRNA) comprise the major 
components of CRISPR/Cas9 gene-editing system. The process of DNA 
reconstruction will introduce high possibilities of genetic mutations, 
including substitutions, insertions, and deletions.
❖ Phytoene desaturase (PDS) gene as the target site for 
accessible identification
➢ Disrupting PDS gene will lead to the inhibition of many genes in 
carotenoid, chlorophyll, and gibberellins synthesis[3]. With the mutated 
PDS gene, albino phenotype is expected in transformed plants, which is 
more accessible for observation. 
❖ Illinois dominates pumpkin production in the U.S.A.
➢ Ranking top one in pumpkin production, Illinois contributes over 41% 
pumpkin production and supplies more than 95% processed pumpkins[4] 
in the United States.
❖ No previous study of  CRISPR/Cas9 efficiency on pumpkin
➢ CRISPR/Cas9 gene-editing efficiency of several species— for example, 
melon[5], cassava[6], and banana cv. Rathali[7] —have been reported. 
However, the evaluation on pumpkin has not yet been conducted.
❖ Advantages of  genetically modified organisms (GMO)
➢ Studying transgenic crops helps developing knowledge on gene functions 
and improve different aspects of agriculture, including insect and disease 
resistance, herbicide resistance, nutrient, and molecular pharming[8].
     [Figure 1]  CRISPR/Cas9 System
With the 5’ end of a sgRNA precisely binding to the 
target sequence, Cas9 protein then activates its two 
nuclease domain, “molecular scissors”, to produce 
breaks in the DNA sequences[2]. 
     [Figure 2] Biosynthesis pathway of  
carotenoid and chlorophyll




➢ Casperita pumpkin seeds are peeled, sterilized with 1% bleach, and incubated 
overnight. Seed base (hypocotyl) is cut into 4 pieces with stem cells remaining.
❖ Agrobacterium cultures Preparation
➢ Agrobacterium tumefaciens carrying the vector of interest are cultured with 
antibiotics, incubated at 28℃, and diluted to appropriate concentration. 
❖ Explant Regeneration
➢ Seed pieces are agitated, co-cultivated with bacterial solution, rinsed, and 
incubated for 3 days in the dark.
➢ Seed pieces are transferred to plant tissue culture media and placed in growth 
chamber with light/temperature control.
❖ Genotyping
➢ DNA extraction, gene amplification with designed primers (PCR), and 
genotyping are performed to validate edits in PDS genes.
❖ CRISPR/Cas9-mutated Plants Identification
➢ Purified samples of amplified gRNA-PDS sequences are sequenced with 
corresponding primers.
     [Figure 3] Agrobacterium-mediated 
transformation
    [Figure 5] Transgenic pumpkin 
generation Pipeline
      [Figure 4] T0 generation (1st 
attempt) explants. On growth media (box); 
albino phenotype has not yet been observed.
11.05Results
❖ Resistance Frequency
➢ Average frequency of resistance (previous attempts) is 19±6%
➢ Resistance frequency are 1.27% and 27.25% for current trials
❖ Albino Phenotype
➢ Portions of pumpkin leaves lacked green pigments
➢ Absence of chlorophyll demonstrated albino phenotype
❖ Editing Efficiency
➢ CRISPR/Cas9 genome editing efficiency in pumpkin is 74%
➢ 17 transformed explants were acquired out of 23 explants
       [Figure 7]  
An albino leaf  from a 
transformed explant
       [Figure 6] Comparisons of  CRISPR/Cas9 gene-editing efficiency
Data of melon[5], cassava[6], banana cv. Rasthali[7], soybean[9], apple[10], rice[11], is derived 
from published research.*Data of Casperita pumpkin is acquired from previous attempts, not current trial.
      [Table 2]  
Evaluations on rooting 
and shooting efficiency 
[Table 1]  
Evaluations of  
frequency resistance
Discussion
❖ Low yield of  shoots and roots in explants
➢ Seed pieces from 1st attempt exhibits low percentages of rooting 
and shooting.
➢ Seed quality, varieties of pumpkins and misconduct in seed 
preparation may be the contributing factors.
➢ With Casperita being used instead of Howden (1st attempt), the 
yield of shoots and roots improves in 2nd attempt.
❖ Overgrowth of Agrobacterium
➢ Agrobacterium overgrowing leads to a low survival rate of explants.
➢ Removing contaminated regions, rinsing explants with 70% 
ethanol or 1% leach, and transferring them to new growth media 





Only 2 of the 
seed pieces 
shows signs of 
growth.
[Figure 9] 
Explants 
from 2nd 
attempt. All 
turned green. 
Agrobacterium 
overgrowth is 
circled in red.
